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BRIDGE 
COMPENSATES 
FOR 

LEAD 
IMPEDANCE 


How DO YOU MEASURE LOW IM- 
PEDANCES over the scope of au- 
diofrequencies without the inter- 
connecting resistance between the 
unknown and the bridge com- 
ponents affecting the measure- 
ment? The NBS Institute for Basic 
Standards did it with a_ bridge 
using an injection transformer, al- 
most completely eliminating the 
impedance contribution of the in- 
terconnecting link. John D. Ram- 
boz, of the Institute’s vibration 
measurement’ laboratories, em- 
ployed this novel addition to a 
ratio bridge for measuring driving 
coil impedance with an uncertainty 
of less than 0.1%, at frequencies 
from 50 Hz to several kHz, in stu- 
dying ways of calibrating vibration 
generators for the Department of 
Defense.' Such a bridge may be 
useful to other scientists needing 
to measure impedances unaffected 
by the necessary electrical connec- 
tion between the unknown and the 
bridge. 

Bridge circuits for measuring im- 
pedance to alternating currents 
differ from the simpler bridge for 


The injection transformer consists of 9 turns of coaxial cable wound around a toroidal core, 
for a turns ratio of 1:1. The inner conductor is one winding and the shield the other. Dress of 
the cable on the core does not affect its properties for this application. 
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Novel impedance bridge has an injection transformer (shaded), the primary of which shunts 
the lead between the reference resistor and the unknown. The secondary, which reflects the 
low impedance of the primary circuit, is inserted in the lead to the lower terminals of the 


ratio transformers. 


measuring resistance to direct cur- 
rents in that a variable reactance is 
part of one of the known arms of the 
former bridge. When a detector null 
is reached, indicating that the 
bridge is balanced, the resistance 
and the reactance of the unknown 
can be computed from the known 
bridge parameters. 


The NBS bridge has a configura- 


tion based on a six-arm bridge cir- 
cuit in which the unknown im- 
pedance is in series with a standard, 
noninductive resistor. Both the un- 
known and the standard resistor are 
four-terminal devices, each having 
a current terminal connected to the 
driving signal source and the other 
to the link connecting the standard 

(Continued on page 178) 
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OVERSIZED TOOLS 


FOR ULTRASONIC MACHINING 


ULTRASONIC IMPACT GRINDERS, 
electronics’ contribution to the art 
of machining glass, ceramics, and 
semiconductor materials, are sup- 
posedly limited in the size of the 
forming tools which may be used 
with them. However, a technician 
at the NBS Institute for Applied 
Technology found that under some 
circumstances tools larger than 
prescribed can be used success- 
fully. John Krawezyk has used 
tools of twice the recommended 
size in preparing substrates for in- 
tegrated circuits and in cutting 
dies for semiconductor devices, 
multiplying the usefulness of ul- 
trasonic grinders, especially to 
semiconductor technologists. 


Ultrasonic Machining 


Ultrasonic grinding involves 
vibrating a tool of the desired shape 
against a workpiece covered with a 
slurry of abrasive particles in water. 
The particles pinched between the 
tool and workpiece chip away at 
both, cutting into the workpiece 
faster than into the tool. 

The tool is mounted at the bottom 
end of a vertical toolholder that is 
vibrated along its axis by windings 
driven by an electronic power unit. 
Both the amplitude and frequency 
of the tool excitation can be ad- 
justed at the power unit. 

The tool is usually assembled by 
brazing together steel components. 
Tools can have almost any degree 
of complexity—concentric circles, 
fingered shapes, and toroids, for ex- 
ample. Manufacturers of the grin- 
ders generally prescribe that the 
radial dimension of the tools used 
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be no greater than that of the tool- 
holder at the transducer. 


Using Oversized Tools 


Mr. Krawezyk found that the 
radial dimensions of tools that have 
relatively little contact area with the 
specimen to be machined could be 
considerably enlarged for use with 
the Bureau’s 100-watt, l-inch im- 
pact grinder. The only modification 
necessary was to bore out the inside 
of the toolholder from the _ tool 
cutting surface up to the first vibra- 


tion node. Circular tools made in 
this way exhibited a uniform vibra- 
tion amplitude of 0.001 inch at all 
points around its perimeter for a 
fixed power setting. 

One such tool was used to cut a 
groove with 2-inch inside diameter 
in a silicon substrate. Another was 
used in cutting 36-mm-long (over 1 
13/32 inch), 0.008-inch-wide slots in 
silicon in fabricating a hodoscope, 
a device used in determining the 
position of a nuclear particle beam 
at the Bureau’s linear accelerator. 


John Krawczyk attaches a tool to an ultrasonic impact grinder in preparation for machining 
dies for semiconductor devices. He found that small grinders can be used with much larger 
tools than they are rated for if the impact area is relatively small. 


PRODUCT PERFORMANCE 


Affluent 
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LEWIS M. BRANSCOMB, Director 


Excerpts from a talk presented at 
the annual meeting of the National 
Academy of Engineering on 
Product Quality Performance and 
Cost held April 29, 1971. 


How shall we measure affluence? 
The United States, with six percent 
of the world’s population, produces 


and consumes some 50 percent of 
the gross world product. We have 
provided ourselves with food, 
shelter, mobility, recreation, com- 
munications, health and educa- 
tional opportunity on a scale that is, 
when averaged over the U.S. popu- 
lation, unequalled elsewhere. What- 
ever you think of the value system 


implied by these economic outputs, 
it is our own value system, the 


reflection of individual market 
choices. 
These choices, however, were 


made from among the finite number 
of alternatives provided by an 
economy by no means free of 
economic, social, legal and institu- 


165 


tional constraints. Nor were the par- 
ticipants in the marketplace as well 
informed as may be necessary for 
the achievement of satisfaction 
from the opportunity for economic 
choice. Frustrations in the present 
and concerns for the future cause 
many Americans to question 
whether affluence, indeed, is what 
we have achieved with this great 
productive effort. 

At least four prices have been 
paid for our material affluence: an 
ecological price, the price—in both 
equity and tranquillity—of maldis- 
tribution of wealth, a price in health 
and safety for the consumer, and a 
price in denied expectations of 
value. 

Can the post-industrial society 
change from “open-loop” conver- 
sion of raw materials to products to 
trash to a “closed loop” 
reprocessing of materials to 
products to materials to products? 
With readily accessible virgin 
materials on a countdown to ex- 
haustion this challenge is inescapa- 
ble. Meeting it will call for basic 
changes not only in the philosophy 
of product design and manufacture 
but also in the concepts of product 
use. 

More explicit concern for product 
end use and final destiny in design, 
marketing and service are required 
by a number of circumstances. But 
in the long term, ecological impera- 
tives will drive it. 

Inequitable distribution of af- 
fluence threatens to exact a price. 
Domestically, the affluence of the 
preponderant majority only casts in 
harsher light the deprivation of a 
minority in poverty. When the mar- 
keting, distribution, servicing, and 
warranty systems designed for the 
educated suburbs fail to function 
for the inner city, when trade-offs of 
basic product performance and 
value, of frills and gimmicks, and of 
product cost fail to meet the needs 
of the poor in the marketplace, so- 
cial pressures will produce in- 
fluences outside the free market to 
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change these systems and trade- 
offs. Recent Congressional hearings 
on the nutritional quality of food 
products exemplify such concerns. 

But the real challenge to our af- 
fluence lies in the grinding poverty 
and desperate aspirations of the ex- 
ploding populations of the un- 
derdeveloped world. How long will 
this majority of inhabitants of 
Spaceship Earth be willing to 
supply us with the fuel and raw 
materials for our industry without 
increasing their share of the fruits 
of our affluence? 


The price in health and safety to 
be paid for our affluence may seem 
dwarfed by the extraordinary con- 
tributions of technology to general 
health and longevity. Potable water, 
municipal sewage, control of pests 
and epidemic disease make us, on 
the average, taller, fatter, and older. 
Nevertheless, 115,000 people die in 
sudden accidents in the U.S. every 
year and for each such death 500 
others are injured. The public is in- 
creasingly unwilling to accept injury 
and death from the use of products 
felt to be unsafe, particularly when 
the hazard is concealed in a new 
and unfamiliar product of technolo- 
gy. The size of the accident toll it- 
self shows that people will not pay 
any price for product safety. People 
still smoke cigarettes in spite of for- 
mal warnings of danger. Others buy 
skis for the deliberate purpose of an 
exhilerating experience that cannot 
be free of risk. No one expects all 
products to be idiot-proof. But 
doesn’t the buyer have a right to as- 
sume that product design contains 
all the economically feasible fea- 
tures that can be made to reduce 
hazards in use and a right to know 
the nature of the hazards to which 
he may expose himself, his family 
and his neighbors? Product safety 
legislation mandating this response 
has been requested by the Pres- 
ident and is almost certain to come 
from this Congress. 

The fourth price of affluence is 
paid in denied expectations of 


value. Virginia Knauer, the Pres- 
ident’s Special Assistant on Con- 
sumer Affairs, has recently called 
my attention to the results of a sur- 
vey by Opinion Research Corpora- 
tion showing that a considerable 
fraction of the public is dissatisfied 
to some degree with their ex- 
perience in the marketplace. Some 
of this dissatisfaction arises, no 
doubt, from the minority of unscru- 
pulous or even criminal elements 
whose flimflams and false state- 
ments bring public distrust of the 
majority of well-intentioned busi- 
nessmen and women. Some of it 
arises from actual deterioration in 
the availability and quality of ser- 
vices and even a lessened quality 
control in the manufacture of some 
products. But much also arises from 
the failure of the quality of products 
and services to keep pace with the 
steadily rising expectations of the 
public. These expectations have 
been fueled by advertising and 
fanned by anticipation of satisfac- 
tion from newly won affluence on 
the part of middle class America. 


It is hard to estimate the mag- 
nitude of disappointment in the 
marketplace—of frauds, wrong 
repairs, excessive interest paid, 
wrong products delivered or bought, 
products that fail while new—all 
things that might not have occurred 
if consumers were always in a posi- 
tion to make a well-informed choice 
among offered products and ser- 
vices. 


President Nixon, in his Con- 
sumer’s Message to Congress of 
February 24, 1971, said: “ 


“In today’s marketplace, how- 
ever, the consumer often finds 
himself confronted with what 
seems an impenetrable com- 
plexity in many of our con- 
sumer goods, in the advertis- 
ing claims that surround them, 


the merchandising methods 
that purvey them and_ the 
means available to conceal 


their quality. The result is a 
degree of confusion that often 
confounds the unwary, and too 
easily can be made to favor the 
unscrupulous. I believe new 
safe-guards are needed, both 
to protect the consumer and to 
reward the responsible busi- 
nessman.”’ 


The President then presented 
legislation to implement the 
“buyer’s bill of rights,” including 
the right to information to make in- 
telligent choices among products 
and services in the marketplace, 
and concluded: 


“In submitting the foregoing 
proposals, I want to emphasize 
that the purpose of this pro- 
eram is not to provide the con- 
sumer with something to 
which he is not presently enti- 
tled; it is rather to assure that 
he receives what he is, in 
every way, fully entitled to. 
The continuing success of our 
free enterprise system de- 
pends in large measure upon 
the mutual trust and goodwill 
of those who consume and 
those who produce or provide. 


“Today in America, there is a 
general sense of trust and 
goodwill toward the world of 
business. Those who violate 
that trust and abuse that good- 
will do damage to the free en- 
terprise system. Thus, it is not 
only to protect consumers but 
also to protect that system and 
the honest men who _ have 
created and who maintain it 
that I urge the prompt passage 
of this legislation program.” 


Thus the stakes in providing con- 
sumer satisfaction in the market- 
place are high indeed. But the op- 
portunity is equally high — an oppor- 
tunity to bring the innovative talent 


of American engineering and the 
adaptability to change of American 
management to the new needs of 
the market. 

What does the consumer want? 
The consumer wants satisfaction 
from product value, which is the 
perceived product performance in 
relation to perceived cost. To have 
any real chance at satisfaction the 
consumer needs choice, informa- 
tion, confidence, and if necessary, 
recourse. 

I will emphasize in this discus- 
sion the importance of information 
so the buyer can be a more so- 
phisticated participant in the mar- 
ket and provide a market incentive 
for better performance and lower 
overall cost. I will emphasize the 
need for greater consumer con- 
fidence that their informed expecta- 
tions will be fulfilled. And I will note 
that society must provide recourse 
in the event that consumer disap- 
pointments result from acts of com- 
mission or omission that violate the 
legal requirements for a fair mar- 
ketplace. But none of these will be 
of much value if the consumer finds 
no choice in the market, or finds the 
prices so high that he cannot afford 
to buy. 


Information 


The buyer needs the answer to 
several questions about a product: 
How well will it do the job I want it 
to do, and for how long? How much 
does it cost me, now and later? Is it 
safe? Will it annoy my neighbors? 

For many products, whose impor- 
tant features are easily evaluated by 
a layman, particularly those 
products we use up and rebuy, ac- 
tual experience is the best guide as 
long as safety is not at issue. But an 
increasing fraction of the consumer 
dollar goes to products whose 
technological origins make them 
hard to appraise if you aren’t an ex- 
pert, whose cost is relatively high, 
and which one repurchases at rare 
intervals. Experience is an expen- 


sive master here. We may be told 
for a product: the name of the 
product, some advertising claims or 
pictures about the use of the 
product, a price, perhaps some in- 
structions for use, perhaps a warn- 
ing or two and perhaps, but not 
necessarily, the name of the manu- 
facturer, and rarely his address. 

One would like to know more 
about how a product will work 
under the conditions the buyer has 
in mind for its use. For consumer 
products that information is often 
hard to come by. Yet when industry 
or government is the customer, 
manufacturers are prepared to 
specify performance in service and 
even design life and maintenance 
economics. With consumer 
products, manufacturers seem less 
willing to discuss design life, or 
design repair, emphasizing that 
they do not know the use condi- 
tions. For the same product model, 
these use conditions can vary over 
wide limits—the one wash a week 
versus ten a day for example, or the 
step ladder used to get into the attic 
play area by eight children or stored 
in the basement of an apartment 
and used once a year to put Christ- 
mas lights on the tree. 

Is there any middle ground 
between designing performance for 
the specific need of a single buyer, 
and designing for the full spectrum 
of all possible uses? There is, and 
it is provided by the voluntary stan- 
dards system. This system brings 
engineers together representing 
buying and selling organizations to 
debate the classes of use and the 
spectrum of levels of performance 
needed to meet them. The Bureau’s 
technical staff members are invited 
to participate in over 1,000 of these 
working committees. By consensus 
of those affected, agreement is 
reached not only on criteria for per- 
formance and test methods for 
defining compliance, but also stan- 
dardization of those design features 
that are important in interface com- 
patibility with other devices and 
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products. Good standards empha- 
size criteria for performance and 
leave materials and design as flex- 
ible as possible. They provide 
incentives for performance im- 
provement, reduce prices by limit- 
ing variety and improving compati- 
bility with other products, simplify 
the documentation problems of the 
buyer who can reference the stan- 
dard in a purchase specification and 
help the seller establish confidence 
in his product by using the stan- 
dard’s tests for performance. 

Standards bodies should come to 
grips with standards that take full 
account of the ways the product 
may be used. Manufacturers may 
wish to say, “I made a sound 
product, but the consumer misused 
it and got hurt.”’ But if there are 
user standards that describe the cir- 
cumstances of use for which the 
product is designed, then we can 
know whether the manufacturer 
designed only for the ideal 30 year 
old housewife when she is alert and 
healthy—the young ladies in white 
smocks in their home economics 
testing laboratories—or for real 
people in real situations—the tired 
mother lighting the stove to warm 
the bottle at 3 a.m. The user and 
design-use standards should be for 
real people in real conditions. That 
consumers may deliberately exploit 
safety features of product design to 
extract a higher level of per- 
formance from its use, thus frustrat- 
ing the designer’s desire to increase 
the consumer’s safety, is no excuse 
for neglecting safety in product 
design. It is a challenge to the en- 
gineer to anticipate the user’s temp- 
tations that might lead to new 
hazards and design, or at least warn 
against them as well. 

Another important attribute of 
performance relates to the useful 
life of the product and the modes in 
which it is likely to fail. Vendors are 
reluctant to give out the designer’s 
expected average number of uses 
before failure. The exception is of 
course the full replacement warran- 
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ty which expresses the vendor’s 
confidence in some lower bound to 
useful life. But there is little 
evidence that consumers are able 
to make meaningful judgments 
about product value in relation to 
useful life. 

Even our standard economic 
analysis of productivity fails to 
credit the economy with an increase 
in productivity when a new way to 
extend product life is introduced. 
Yet the satisfaction of one of the 
economy’s needs, assured by the 
same manpower usually required by 
making a product last twice as long, 
doubles the effective output of goods 
per man-hour worked and thus con- 
tributes to productivity. But on the 
economist’s balance sheets, pro- 
ductivity may be reduced because 
sales fall off and the work force 
may be less efficiently used. Thus 
shoddy goods, so long as they are 
bought, used and replaced, con- 
tribute more effectively to GNP 
than do longer lasting goods of the 
same price. Obviously as most 
economists and others recognize, 
the GNP is not the sole criterion for 
social merit in product design. 

The consumer is interested not 
only in when the product fails, but 
how it fails. An important criterion 
for engineering design of consumer 
products is that the most probable 
failure mode _ should interrupt 
product function without rendering 
it hazardous. Thus a table lamp that 
finally burns out in the socket and 
stops lighting will be repaired or 
discarded. But a lamp that fails by 
shorting the powerline to the base, 
while still lighting, becomes a lethal 
instrument. Ideally a good product 
standard would specify the tests 
that can be used to determine the 
failure modes under accelerated 
use tests. 

Performance is also inextricably 
bound up with cost, because cost is 
the sum of purchase price, operat- 
ing cost, maintenance cost, and use- 
ful life. But rarely is a consumer in 
a position even to compute what the 


cost is, much less to compare one 
brand against another. Price com- 
petition for vacuum cleaners rests 
largely on purchase price (and the 
cost of credit for deferred pay- 
ments). But they consume electrici- 
ty, replacement vacuum filter bags, 
often require new drive belts and 
other maintenance, and may vary 
greatly in durability. The market in- 
centive now is to minimize initial 
purchase price irrespective of these 
other costs. Can the business com- 


munity find a way to inform the ~ 


buyer of the merits of paying 
somewhat more for a product that 
places less dependency on the parts 
supplier and serviceman? 


Three solutions seem to offer 
themselves. One is increased rental 
of products and appliances with 
rentor assuming all maintenance 
costs; he will certainly change his 
engineering design to maximize life 
and minimize total cost. The second 
is a full warranty for a sufficiently 
large fraction of designed useful life 
that the customer expects to 
replace the product at that time. 
The third approach is to provide the 
customer with factual information 
about these cost factors and help 
him make the comparison. A trend 
toward any or all of these would give 
the engineer a new challenge, would 
increase the efficiency of our econo- 
my and reduce the rate of conver- 
sion of product to trash. 


Standards are the anchors in the 
stormy sea of market choice to 
which to tie consumer education. 
For if the purpose of the standard is 
taught, and the standard is insisted 
upon in the marketplace, the full 
technical background of the stan- 


dard is brought to bear on the mar- 


ketplace even though the consumer 
does not understand all of these 
technical aspects. The responsibili- 
ty of the technical community is to 
attempt to make the standards 
responsive to the needs of the con- 
sumer, as too often they are not 
today, and at the same time not sti- 


fle innovation—by making our stan- | 


: 
: 


dards deal with performance and 
not materials, with effect and not 
means to attain the effect. Our stan- 
dards have tended to talk about 
means. If one of the three little pigs 
is going to design a house that will 
take huffing and puffing, he had 
better design it out of brick, some 
would say. But this stifles that fu- 
ture designer who may find that 
straw imbedded in epoxy resin 
makes a very strong composite 
material. Our standards should be 
performance standards—a certain 
level of huffing and puffing to be 
withstood — whatever the means to 
attain this performance. 


Many of the means to measure 
these consumer product _ per- 
formance criteria are not now 
available. The Administration has 
proposed the Consumer Product 
Test Methods Act, H.R. 6891, in- 
troduced on March 29, 1971. The 
Secretary of Commerce and the 
President’s Special Assistant for 
Consumer Affairs would identify 
the test methods that were useful to 
define important attributes of 
product performance or would call 
on government agencies to develop 
them. The manufacturer could 
then, if he wished, report his 
product’s characteristics using 
these recognized test methods, and 
could also report independent 
laboratory results for his product 
with these methods. 

If manufacturers chose to use it, 
this Consumer Product Test 
Methods Act could be a very impor- 
tant support to the buyer’s right to 
information, and a viable alternative 
to extending government regulation 
as a means to further reduce the 
dollar and human waste of our 
economy. But whether or not the 
“tell-tag”’ feature of the Act is used, 
the encouragement that the Act 
gives to development of sound 
technical criteria for product per- 
formance and methods of test to 
realize them can be of great value. 

This effort must be a national ef- 
fort in the spirit of our voluntary 


standards tradition, and not simply 
the work of government laborato- 
ries. We have a large number of or- 
ganizations on whose experience we 
can build: standards bodies, trade 
associations, independent _ test 
laboratories and consumer-interest 
organizations with technical com- 
petence. But the active participa- 
tion of academic engineers, and en- 
gineers in other institutions where 
they are free to represent the con- 
sumer’s interest at the standards 
table are needed in substantial 
numbers. The National Academy of 
Engineering and engineering 
professional societies should take 
the lead in mobilizing this talent and 
fostering — serious engineering 
research on a topic that may have 
lost its technological glamor, but 
has certainly not lost its social 
relevance. 


Let me touch much more briefly 
on the issues of confidence and 
recourse, the second being legal 
redress when confidence proves un- 
warranted as the result of unlawful 
practices. What steps can be taken 
to give the consumer more con- 
fidence in the performance informa- 
tion he receives from the seller — for 
those product classes where con- 
fidence is not easily acquired by ex- 
perience? If the performance 
criteria, test methods and standards 
are provided by the engineering 
community, the consumer _ still 
needs to know when he can believe 
what he reads. The merits of 
government-imposed standards for 
warranties and the extent of implied 
warranty as a fair-trade practice are 
legal questions beyond the scope of 
this talk. But however strict the law 
may be, confidence that product 
performance complies with specifi- 
cations is a technical matter and it 
sometimes depends on surprisingly 
sophisticated laboratory capability. 
What is the consumer to believe 
when he sees that a given claim is 
backed up by “‘an independent test- 
ing laboratory?” How can a dis- 
tributor be sure the manufacturer’s 


claims are valid? Such questions 
have induced some defenders of the 
consumer to propose that govern- 
ment agencies be empowered by 
law to test consumer products —in 
spite of the fact that the capabilities 
within Government to do this are 
very limited indeed in relation to the 
vast number of products on the 
market. Also, there are over 900 
private sector test laboratories with 
a great range of capabilities and 
facilities. Some of them are sub- 
stantial in size; the staff of Un- 
derwriters’ Laboratories, for exam- 
ple, numbers about 1,500. But there 
is a great diversity among these 
laboratories, and the consumer 
knows only a few of them by name 
and reputation. The American 
Council of Independent Laborato- 
ries, the American Society for Test- 
ing and Materials and other groups 
have joined together to work on a 
plan for evaluation and accredita- 
tion of those laboratories that wish 
qualification for certain classes of 
tests. The National Bureau of Stan- 
dards is cooperating in the working 
out of such an accreditation system. 
Initially it is most needed in the 
field of factory-built modular hous- 
ing and mobile homes, because 
State and local regulatory officials 
have no way of satisfying their 
responsibilities under state-wide 
factory-built housing codes on the 
basis of on-site inspection alone. 
But the merit of trying to work out 
a similar system for enhanced con- 
sumer confidence in consumer 
product performance compliance 
with standards is evident. Ac- 
creditation is an important element 
in generating confidence in certifi- 
cation to standards, and there are 
a number of such certification 
systems in being in which the con- 
sumer’s confidence is justified. 
Such a program could also do much 
to upgrade the capabilities of these 
laboratories, which could make a 
very important contribution to the 
technology of engineering design for 
product performance and safety. 
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STRATTON AND ROSA AWARDS PRESENTED 


Six 


Bureau 


scientists were 
honored for their outstanding 


achievements on April 30 when 
NBS Director Lewis M. Branscomb 
presented the 197] Stratton and 
Rosa Awards. The Samuel Wesley 
Stratton Award, established by the 
Bureau in 1962, is presented an- 
nually to recognize outstanding 
scientific or engineering accom- 
plishments in support of the NBS 
mission. The Edward B. Rosa 
Award, established in 1964, is 
presented annually to recognize 
outstanding achievements in the 
development of standards of prac- 
Ice: 

Ordinarily one Award is given in 
each category, usually to an in- 
dividual awardee. This year two 
Stratton Awards were presented, 
one to a research team of two Bu- 
reau staff members, and one to a 
team of three. Each Stratton Award 
carried a $3,000 honorarium shared 
by team members, and each in- 
dividual received a bronze plaque. 

Dr. Richard L. Barger and Dr. 
John L. Hall of the Bureau’s 
Boulder (Colorado) Laboratories, 
were corecipients of one Stratton 
Award for their “extraordinary 
creativity and leadership in the ap- 
plication of lasers to the science of 
measurement.” Drs. Barger and 
Hall suggested, developed, and 
evaluated a new type of atomic 
length measurement technique 
based on the methane-stabilized 
helium-neon laser.” ! Length mea- 
surements made with this 
technique are reproducible with a 
precision of a part in 100 billion, and 
the methane-stabilized laser seems 
almost certain to be adopted as a 
new international standard for 
length. It is already being applied in 
geophysical, astronomical, and 
atomic measurements of greatly im- 
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proved accuracy. When its frequen- 
cy can be compared directly with 
that of lower frequency devices, it 
may also provide an improved 
atomic time standard. 

Dr. John I. Lauritzen, Jr., Dr. Elio 
Passaglia, and Dr. Edmund DiMar- 
zio of NBS Gaithersburg, were joint 
recipients of the other Stratton 
Award for “developing a general 
theory of the kinetics of growth of 
multicomponent systems, and for 
its application to the crystallization 
of simple molecules and polymers.” 
The team developed the general 
theory, and then applied it to two 
real and difficult cases.?*? The 
first was the crystallization of bi- 
nary mixtures of the paraffins, and 
they succeeded in calculating a 
‘kinetic phase diagram” for a two- 
component paraffin system. The 
second application concerned the 
kinetics of crystallization of chain- 
folded polymers, and here they gave 
a complete theory which allowed all 
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possible fluctuations in the fold 
period. Other problems to which 
this theory is being applied include 
copolymerization of of two or more 
monomers; crystallization of several 
metals simultaneously; and effects 
of molecular weight on crystalliza- 
tion of polymers from solution. The 
work also provides considerable in- 
sight into the nature of bulk crystal- 
line polymers, and a key instrument 
in predicting certain important 
physical properties in these 
systems. 

The Rosa Award, consisting of a 
$1500 honorarium and a_ bronze 
plaque, was presented to Judson C. 
French for “leadership in the stan- 
dardization of the methods of mea- 
surement used to specify the pro- 
perties of electron devices, the 
materials from which they are 
made, and the processes used in 
their fabrication.” Mr. French has 
been directly responsible for a 
ereater understanding of the 


John L. Hall (left) and Richard L. Barger with their methane-stabilized helium-neon laser. 
Drs. Barger and Hall received the Stratton award for their work in applying this apparatus 
to length measurements reproducible with a precision of a part in 100 billion. 


phenomenon of second breakdown, 
a new basis for specifying safe 
operating limits of power and high- 
frequency transistors. and a 10-fold 
improvement in the _ four-probe 
method for measuring the resistivity 
of germanium and silicon slices.4>° 
He initiated and still directs a 
highly effective program for de- 
velopment of test methods, in 
coordination with standards com- 


mittees in ASTM, EIA, IEC, and 
users. As Editor of ASTM Commit- 
tee F-1, Mr. French has contributed 
immeasurably to the conciseness, 
completeness, and consistency of 
standards issued by the Committee, 
which has published about 100 
documents and has about 40 under 
preparation. 


' New laser technique gives precise length measure- 
ment, Nat. Bur. Stand. (U.S.) Tech. News Bull. 53 (3) 
60 (March 1969). 


? Lauritzen, J. I., Jr., Passaglia, E., and DiMarzio, E. A., 
Kinetics of crystallization in multicomponent systems: 
Binary mixtures of y-paraffins, J. Res. Nat. Bur. Stand. 
U.S. 71A (4) 245-260 (July-Aug. 1971). loc. cit. Kinetics 
of crystallization in multicomponent systems: Il. 
Chain-folded polymer crystals. 


3 Lauritzen, J. |., Jr., Passaglia, E., and DiMarzio, E. A., 
Kinetics ot multicomponent chains, J. Chem. Phys., Vol. 
45, 4444 (Dec. 1966). 


4 Schafft, H. A. and French, J. C., Second breakdown 
in transistors, IRE Trans. Ed-9, 129 (March 1962). 


> Methods of Measurement for Semiconductor 
Materials, Process Control and Devices, Quarterly Re- 
port, July 1 to September 30, 1970, Nat. Bur. Stand. 
(U.S.) Tech. Note 571 (March 1971). 


Wakelin Named Assistant 
Secretary of Commerce 
for Science and Technology 


James H. Wakelin, Jr.,  as- 
sumed duties as Assistant Secre- 
tary of Commerce for Science and 


Technology on March 1, 1971. Mr. 


Wakelin received degrees from 
Dartmouth College (A.B. 1932), 


Cambridge University (M.A. 1939) 
and Yale University (Ph.D. 1940). 
He brings wide experience to his 
new post as chief advisor for 


science and technology to the 
Secretary of Commerce. Included 
among these former positions are 
Assistant Secretary of the Navy; 
Chairman of the President’s Task 
Force on Oceanography; Associate 
Director and Director of Research, 
Textile Research Institute; and 
Senior Physicist, B. F. Goodrich 
Co. 


Commerce Bill Would Promote Exports Through 
International Standardization 


The U.S. Department of Com- 
merce has sent to the Congress an 
Administration bill designed to 
promote exports through 
strengthened international volunta- 
ry standardization and certification 
activities. 

The bill—the International 
Voluntary Standards Cooperation 
Act of 1971— would assign to the 
Secretary of Commerce the prin- 
cipal Federal responsibility for as- 
suring that U.S. interests are 
adequately represented in interna- 
tional standardization activities. It 
also would authorize the Secretary 
to enter into grants or contracts 


with nonprofit organizations to 
carry out such activities. 

“This bill will have benefits for 
every industry,’ Mr. Wakelin said. 
“It will assure that there is no re- 
peat of the color television stan- 
dards situation. When the Europe- 
ans adopted a color television 
system incompatible with ours, it 
cost U.S. industry many millions of 
dollars.” 

“U.S. standards in the past have 
been accepted by other nations 
because of our clearly superior 
technology,” Mr. Wakelin added. 
“But the competition in technology- 
intensive goods is increasing 


sharply, and we can no longer as- 
sume that U.S. standards will con- 
tinue to be preferred in world mar- 
kets.” 

To indicate the magnitude of the 
problem, the Assistant Secretary 
cited a recent study! by the Depart- 
ment of Commerce which showed 
that 455 classes of manufacturing 
known as ““measurement-standards 
sensitive’ accounted for $11 billion 
of exports and $4 billion of imports 
in 1969. 


'U.S. Metric Study Report—International Standards, 
Nat. Bur. Stand. (U.S.) Spec. Publ. 345-1, 157 pages 
(Dec. 1970). 
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MEASURING 


BRAKE STOPPING POWER 


Are Lab Tests as Good 


ENGINEERS OF THE NBS OFFICE 
OF VEHICLE SYSTEMS RESEARCH 
have compared data from five 
methods of measuring the coeffi- 
cient of friction of brake lining 
material in research for the Na- 
tional Highway Traffic Safety Ad- 
ministration (NHTSA) of the De- 
partment of Transportation.! Co- 
efficients of friction were mea- 
sured at NBS with the FAST 
machine, the FMTM machine, the 
Girling dynamometer, and the dual 
end inertia dynamometer. Mea- 
surements by these machines were 
compared by John Preston and 
Robert Forthofer, of the OVSR 
staff, with measurements on the 
same materials in brake pads on 
a vehicle run through similar pro- 
crams of braking. The findings 
showed that for the materials ex- 
amined the inertial dynamometer 
best simulates actual use. 


Brake Frictional Materials 


The coefficient of friction of a 
brake lining or pad is dependent on 
its composition, its service history, 
and the instantaneous temperature 
at the rubbing interface. OVSR ex- 
perimentation sought to quantify 
the relationship between this coeffi- 
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as Road Tests? 


cient and the temperature, which 
rises rapidly during severe braking. 
Reduction of the coefficient of fric- 
tion because of temperature rise 
results in the phenomenon called 
“brake fade,” a potentially dan- 
gerous loss of stopping power. 
Brake lining and pad materials 
are tested by their manufacturers 
for quality control and by automo- 
tive manufacturers for system 


Robert Weigle installs a specimen of brake 
lining material in the Girling scale 
dynamometer for determining frictional 
characteristics of the material. This 
machine, a dynamometer scaled down from 
disk brakes found on a production 
atuomobile, is one of the laboratory 
machines used in evaluating material for 
brake linings and pads. 


design purposes and to insure 
receiving the material specified. 
Measurements of brake material 
wear rate and frictional properties 
are obtained from laboratory 
machines developed by automobile 
manufacturers and from  dyna- 
mometers simulating brakes in 
actual use. Some of the test 
procedures are now specified by the 
Society of Automotive Engineers 
(SAE) and a Federal standard for 
replacement brake linings and pads 
is now under consideration. 
However, quantitative com- 
parisons between measurement 
methods have been lacking. There- 
fore the NHTSA requested NBS to 
determine the correlation between 
figures for coefficient of friction of 
original equipment and of replace- 
ment brake lining and pad materi- 
als—essentially their stopping 
power—obtained from _lalsoratory 
machines and from road tests, run 
under similar braking conditions. 


Laboratory Testing Machines 


Measurements were obtained at 
NBS from four laboratory testing 
machines. The first of these, the 


Friction Assessment Screening 
Test (FAST)? machine, was 


Richard Radlinski checks leads to temperature sensor in automobile brakes. 


originated by the Ford Motor Com- 
pany and used with test procedures 
developed by that concern. This 
machine forces a _ 1/2-inch-square 
specimen of the friction material 
against the face of a cast iron disk 
rotating at a fixed speed. It records 
the friction coefficient with respect 
to time and the temperature, which 
rises as the test progresses for 90 
minutes. 

The second machine was the 
Friction Materials Test Machine 
(FMTM), which was developed by 
the General Motors Corporation and 
is used in a test procedure specified 
by the SAE. This machine 
forces a l-inch-square specimen of 
the material against the inner sur- 
face of a rotating cast iron drum. 
The drum temperature can_ be 
raised by means of electrical 
heaters and cooled by blowers. The 
normal force applied to the 
specimen, the friction force 
generated, and the temperature are 
recorded. 


The Girling Scale Dynamometer,' 
developed by Girling Limited of 
England, was the third laboratory 
test machine used. It is a single-end 
dynamometer, the dimensions of 


Robert Weigle positions a 1/2-inch-square 
sample of brake lining material on the FAST 
testing machine. Recorders will note the 
coefficient of friction for rising temperature. 


which are scaled down from an 
actual disk brake assembly with 
the intent of simulating a full-sized 
brake on an automobile. Results 
from this machine were encouraging 
but difficulty in scaling the vented 
vehicle disk to achieve the correct 
heat storage coefficient hinders its 
use in simulating this type of brake. 

The fourth machine used was a 
dual end inertia dynamometer at 
the OVSR_ braking systems 
laboratory;> this machine in effect 
“runs” auto brakes without the car 
attached. Automotive brake shoes 
or pads decelerate brake drums or 
disks ‘turning at the ends of the 
machine’s inertially weighted shaft, 
once the motor turning it reaches 
the desired speed. The power ab- 
sorbed by the braking system is 
determined in part by how much 
weight is attached to the shaft; it 
can be set to simulate vehicles 
weighing from 900 to 14,000 pounds. 
The test procedures used with the 
dynamometer by OVSR closely 
simulate the brake service in an 
SAE vehicular test (modified SAE 
J843b). 


Comparison of the friction coeffi- 
cient-disk temperature plots ob- 
tained from the FAST machine and 
from automotive brakes equipped 
with the same pad material dis- 
closed severe discrepancies. FAST 
results on all three’ materials 
showed significantly higher friction 
coefficients below 400 °F than were 
obtained from vehicle tests. Above 
400 °F all materials began to fade, 
with one material fading so severely 
that the friction coefficient fell 
below the recorder’s lower limit. 
This dramatic fade was not ap- 
parent during vehicle tests. 


Comparison of temperature-fric- 
tion coefficient plots obtained for 
the three materials tested on the 
FMTM and on the vehicle, operated 
according to the FMTM procedure, 
showed coefficients obtained from 
the FMTM to be significantly 
higher. The FMTM procedure con- 


sisted of two fade runs, each fol- 


(G6) 


Overall view of the NBS dual end inertia dynamometer; brakes under test are mounted on 
tailstocks at each end of shaft. This machine is used to study braking systems in the 
laboratory by running the brakes, in effect, without the rest of the car attached. 


John Preston secures a l-inch-square sample of brake lining material on the FMTM friction- 
measuring machine. The machine records forces and drum temperature as the specimen is 
pressed against the rotating drum. 


lowed by a recovery period during 
which temperature-coefficient 
readings were taken; data obtained 
during the two recovery periods are 
even more discrepant than those 
from the fade runs. 

Tests. on the Girling machine 
produced a better correlation with 
the automobile data than did those 
on the FMTM or the FAST 
machines. However, this method 
was found more difficult to use than 
those for the first two machines. 

The fade and recovery per- 
formance of the same three brake 
materials on the NBS dual end iner- 
tia dynamometer showed by far the 


174 


best agreement with data for the 
same service in the automobile. 
Only during the first recovery 
period of one material, a replace- 
ment brake pad sold by indepen- 
dent auto stores, was there a signifi- 
cant discrepancy. This may be due 
to sample-to-sample variations in 
the material. 

The poor matching of the FAST 
and FMTM data with the road test 
data is due in part to the small 
specimen size in relation to the 
drum or disk to which it is mated. 
The large drum or disk mass acts as 
a heat sink and may result in lower 
rubbing surface temperature than 


Here an automobile disk brake is mounted 
on the dynamometer tailstock; the brake is 
instrumented for temperature and force 
measurements at the master cylinder and 
brake pads. The brake is applied while the 
disk is engaged with the spinning 
dynamometer shaft, simulating braking an 
actual car. 


in the vehicle brake. However, the 
high repeatability of tests on both 
the FAST and the FMTM machines 
makes them useful for quality con- 
trol tests. 

This NBS measurement program 
demonstrated the importance of 
carefully choosing the point at 
which to measure temperature. 
Ideally, the engineer would mea- 
sure it at the rubbing interface, but 
this is impossible to do. Linings and 
pads are made of asbestos and or- 
ganic materials, which are such 
poor conductors of heat that high 
thermal gradients exist across 
them. Since the cast iron of brake 
disks is a good thermal conductor, 
the NBS engineers deviated from 
the SAE test procedure for the au- 
tomobile by obtaining the tempera- 
ture observations from a_ther- 
mocouple buried in the disk. 

' Preston, J. D., and Forthofer, R. J., Correlation of 
vehicle, dynamometer and other laboratory tests for 


brake friction materials, SAE Auto. Eng. Congress 
Paper No. 710250 (Jan. 1971). 
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* Anderson, A. E., Gratch, Serge, and Hayes, 
Hayden, P., A new laboratory friction and wear test for 
the characterization of brake linings, Paper No. 
670079 at SAE Annual Meeting Jan. 1967 


3 Burkamn, Albin, J., and Highley, Frank H., Labora- 
tory evaluation of brake lining materials, Paper No. 
670150 at SAE Mid-Year Meeting May 1967. 


* Wilson, A. J., Belford, W. G., and Bowsher, G. T., 
Scaled vehicle brake installations for friction material 
assessment, Lucas Eng. Rev. 4, No. 1 (Jan. 1968). 


° Braking systems research program, NBS Tech. 
News Bull. 53, 127-129 (June 1969). 
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A NEW FIRST-DAY QSL’ CARD 
MARKING THE inauguration of 
WWVH transmissions from the 
island of Kauai, Hawaii, will be is- 
sued on July 1, 1971. The NBS 
time and frequency station will 
close its Maui, Hawaii, facilities 
and begin broadcasting from Kauai 
at 0000 hours GMT, July 1. 

Radio amateurs, — short-wave 
listeners, and other interested 
parties receive the special first-day 
QSL card by submitting a reception 
report that accurately describes the 
station identification announce- 
ments. The report must be post- 
marked July 1 to show that the 
listener heard WWVH on that day. 
Reports should be mailed to the 
Frequency-Time Broadcast Ser- 
vices Section, National Bureau of 


Standards, U.S. Department of 
Commerce, Boulder, Colorado 
80302. 


For those who log WWVH after 
July 1, a newly-designed, regular 
QSL card will be sent. Notify the 
Engineer-in-Charge, NBS _ Radio 
Station WWVH, Box 417, Kekaha, 
Hawaii 96752. 

Besides new station facilities and 
a new frequency (20 MHz), the sta- 
tion will boast added power (10 kW 
on 5, 10 and 15 MHz, and 2.5 kW on 
2.5 and 20 MHz), and a new station 
manager. Charles L. (Chuck) 


STANDARDS AND CALIBRATION 


Trembath, of the NBS Boulder 
Laboratories, will assume his new 
duties as Engineer-in-Charge of 
WWVH on July 1. 

The previously announced format 
changes for NBS standard time- 
and-frequency stations, WWV and 
WWVH, will also go into effect July 
1. The new format will provide voice 
announcements of Greenwich Mean 
Time (GMT) each minute instead of 
every five minutes, GEOALERTS 
and Propagation Forecasts in voice 
announcements instead of Morse 
code, and audio tones of 440, 500, 
and 600 Hz at various times during 
the hour. WWVH time announce- 
ments will be made by a feminine 
voice in alternate time slots with the 
masculine voice announcements 


from WWYV, in Colorado. 


STANDARD FREQUENCY AND TIME 
BROADCASTS 


High-frequency radio _ stations 
WWVYV (Fort Collins, Colo.) and 
WWVH (Maui, Hawaii) broadcast 
time signals on the Coordinated 
Universal Time (UTC) system as 
coordinated by the Bureau Interna- 
tional de lVHeure (BIH), Paris, 
France. The NBS time scale, 
UTC(NBS), and the U.S. Naval Ob- 
servatory time scale, UTC(USNO), 


are jointly coordinated to within +5 
microseconds. The UTC pulses 
occur at intervals that are longer 
than one coordinated second by 300 
parts in 10!° during 1971, due to an 
offset in carrier frequency coor- 
dinated by BIH. To maintain the 
UTC scales in close agreement with 
the astronomers’ time, UT2, phase 
adjustments are made at 0000 hours 
Greenwich Mean Time (GMT) on 
the first day of a month as an- 
nounced by BIH. There will be no 
adjustment made on August 1, 1971. 

The low-frequency radio station 
WWVB (Fort Collins, Colo.) broad- 
casts seconds pulses without offset 
to make available to users the stan- 
dard of frequency so that absolute 
frequency comparisons may be 
made directly, following the 
Stepped Atomic Time (SAT) 
system. Step time adjustments of 
200 ms are made at 0000 hours 
GMT on the first day of a month 
when necessary. BIH announces 
when such adjustments should be 
made in the scale to maintain the 
seconds pulses within about 100 ms 
of UT2. There will be no adjustment 
made on August 1, 1971. 

NBS obtains daily UT2 informa- 
tion from forecasts of extrapolated 
UT2 clock readings provided by the 
U.S. Naval Observatory with whom 
NBS maintains close cooperation. 


Lis 


The 


NSRDS was established to 
make critically evaluated data in 
the physical sciences available to 
science and technology on a na- 


tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


CRITICAL MICELLE 
CONCENTRATIONS 


NSRDS-NBS-36, Critical Micelle 
Concentrations of Aqueous Surfac- 
tant Systems! ($3.75, SD Catalog No. 
C13.48:36) by Pasupati Mukerjee 
and Karol J. Mysels, is the latest 
critical compilation in the NSRDS 
series. The Critical Micelle Concen- 
tration (CMC) is a widely used 
quantitative measure of the surface 
activity of various chemicals. Sur- 
face-active agents are used in deter- 
gency and washing, the dispersion 
of dyes and pigments in dyebaths, 
paints and other surface coverings, 
the stabilization of suspensions and 
emulsions in the foodstuffs and 
pharmaceutical industries, the 
beneficiation of ores and other in- 
dustrial applications. In addition, 
naturally occurring surface-active 
agents are widespread and of im- 
portance in a great variety of biolog- 
ical processes. As a result chemists, 
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biochemists, medical scientists and. 


pharmacologists, agricultural and 
dairy scientists, mineralogists and 
mining engineers, sanitary en- 
gineers and others interested in 
processes involving surface-active 
agents should find this book useful. 


The authors have done more than 


just collect and evaluate CMC 
values listed in the literature. 
Where experimental data from 


which CMC’s could be derived were 
presented in the literature, they 
have derived them, with the result 
that roughly one-sixth of the values 
presented are new in the sense that 
the numerical values were not 
directly available previously. The 
authors have also obtained some 
previously unpublished data by 
direct correspondence with workers 


in the field. 


The literature has been searched 
comprehensively through 1966, and 
CMC values have been collected, 
indexed and evaluated. In addition, 
over 800 values, hitherto available 
only in graphical form or implied in 
experimental data, have been ex- 
tracted from publications and are 
included. Close to 5000 entries, 
based on 333 references dealing 
with 720 compounds are tabulated 
in the comprehensive tables. To the 


extent possible, the temperature, 
concentration of additives, method 
of determination and_ literature 
source are listed for each CMC 
value. These values are also rated 
with respect to probable purity of 
compound used and reliability of 
measurement technique. In addi- 
tion to the comprehensive table, an 
additional table is given containing 
values thought to be of higher relia- 
bility and accuracy. These values 
have been determined on well-pu- 
rified materials by accurate 
methods and have been verified by 
concordant independent measure- 
ments. Quantitative estimates of re- 
liability have also been given. 

The Introduction includes a 
general discussion of the im- 
portance and significance of CMC 
values and methods for their deter- 
mination, as well as a summary of 
the procedures used in the collec- 
tion, evaluation, and presentation 
of these values. Extensive indexes 
are also provided. 


FIVE NEW CERN COMPILATIONS 
AVAILABLE 


Five new compilations in the area 
of high energy physics from CERN, 
the European Organization for 
Nuclear Research, Geneva, Swit- 


zerland, are available to interested 
users in the Western Hemisphere 
and the Far East by writing to the 
Lawrence Radiation Laboratory, 
Berkeley, California 94720. 

CERN/HERA 69-3 Dec. 1969, A 
Compilation of Total and Total 
Elastic Cross Sections by G. 
Giacomelli, is a computerized col- 
lection of total, total elastic, and 
total charge exchange cross-section 
data on hadron-nucleon scattering. 

CERN/HERA 70-1 June 1970, A 
Collection Pion Photoproduction 
Data I—From the Threshold to 1.5 
GeV by P. Spillantini and V. Valente 
is a complete and computerized col- 
lection of pion photoproduction data 
on differential cross-sections, recoil 
polarization, and asymmetry ratio 
with polarized y-rays, from 
threshold to 1.5 GeV. All the data 
have been reduced, and an esti- 
mated total error has been included. 
This error was obtained by adding 
incoherently the statistical with the 
systematic error. The systematic or 
scale error was taken from the 
literature when given; otherwise, it 
was derived from information given 
by the article, or evaluated from a 
critical comparison with other ex- 
periments. 

CERN/HERA 70-2 Oct. 1970, 
Compilation of Cross Sections 
II—Antiproton Induced Reactions 
by E. Flaminio, J. D. Hansen, D. R. 
O. Morrison, and N. Tovey is a com- 
pilation of cross sections of reac- 
tions produced by antiprotons on 
targets of protons, neutrons, and 
deuterons. Graphs of the variation 
of cross section with incident 
laboratory momentum are plotted. 
Values for the rate of decrease of 
cross section with incident momen- 
tum are also given. 

CERN/HERA 70-4 Sept. 1970, 
Compilation of Cross Sections 
III—K+ Induced Reactions by E. 
Flaminio, J. D. Hansen, D. R. O. 
Morrison, and N. Tovey is a com- 
pilation of cross sections of reac- 
tions produced by positive kaons on 
targets of protons, neutrons, and 


Graphs of the variation 
of cross section with incident 
laboratory momentum are plotted. 
Values for the rate of decrease of 
cross section with incident momen- 
tum are also given. 

CERN/HERA 70-5 Sept. 1970, 
Compilation of Cross Sections 
IV—7a+ Induced Reactions by E. 
Flaminio, J. D. Hansen, D. R. O. 
Morrison, and N. Tovey is a com- 
pilation of cross sections of reac- 
tions produced by positive pions on 
targets of protons, neutrons, and 
deuterons. Graphs of the variation 
of cross section with incident 
laboratory momentum are plotted. 
Values for the rate of decrease of 
cross section with incident momen- 
tum are also given. 


deuterons. 


METHODS FOR FORMULA 
DESIGNATION 


The NBS Alloy Data Center in its 
third issue of Comments, April 
1971—an_ informal publication ? 
provided as a service to the Com- 
mittee on Alloy Phases of the Metal- 
lurgical Society, American Institute 
of Mechanical Engineers —ex- 
amines means for the consistent 
designation of chemical formulas 
for intermetallic compounds. This 
issue presents the comments of 
Rodney P. Elliott, Director of the 
Binary Metal and Metalloid Con- 
stitution Data Center of the IIT 
Research Institute on “Formula 
Designations of Intermetallic Com- 
pounds.” Dr. Elliott’s contribution 
is discussed by W. B. Pearson, 
which further is replied to by Dr. El- 
liott. Also included in the Number 
3 issue of Comments is a description 
by Donald D. Wagman, Director of 
the NBS Chemical Thermodynam- 
ics Data Center, on the approach 
that his center takes to formula 


designation. Finally there is in- 
cluded an example of the 
SAE/ASTM “Proposed Unified 


Numbering System for Metals and 
Alloys” presently being considered 
for commercial metals and alloys. 


Copies of this issue of Comments 
may be obtained by writing to: 
Alloy Data Center 


National Bureau of Standards 
Washington, D.C. 20234 


HIGH TEMPERATURE REACTION DATA 

The fifth report in a series on the 
Critical Evaluation of Rate Data for 
Homogeneous Gas Phase Reactions of 
Interest in High Temperature Systems 
by D. L. Baulch, D. D. Drysdale, and 
D. G. Horne of the School of Chem- 
istry, University of Leeds, England. 
This report treats the following seven 
reactions: 


NO,+0 =NO +0, 

NO +0, =NO,+0 
NO.+M =NO+0 +M 
NO+0 +M=NO,.+M 

NO +0 = NO,+ hv 

NO +NO+0,=NO,+ NO, 
NO.+ NO, =NO +NO +0, 


As in previous reports, the data 
sheet format is used. The rate data are 
tabulated for each reaction together 
with the experimental method used 
and evaluator’s comments. A discus- 
sion and a bibliography are provided 
for each reaction. 

This work is part of the High Tem- 
perature Rate Data Project supported 
by the U.K. Office of Scientific and 
Technical Information, which admin- 
isters the British Data and Informa- 
tion Program. This Office is the U.K. 
equivalent to the NBS Office of 
Standard Reference Data. For further 
information about the work of the 
Leeds group or copies of reports, write 
to Dr. D. L.: Baulch, School of 
Chemistry, The University, Leeds 2, 
England, U.K. 


ASTM DATA SERIES PUBLICATIONS 


The American Society for Testing 
and Materials has announced the 
availability of two compilations of 
data: The first is X-Ray Emission 
and Absorption Wavelengths and 
Two-Theta Tables, Second Edition, 
ASTM DATA Series DS 37A, $54. X- 


Ray emission spectrography (X-ray 


Lic 


fluorescence) and the electron micro- 
probe are two basic techniques for 
elemental chemical analysis. Funda- 
mental to the successful use of these 
techniques is the proper application 
of X-ray emission line and absorption 
edge wavelength data, together with 
calculated values for the Bragg dif- 
raction angles of the analyzing crys- 
tals. This volume is the second edition 
of such tables. It provides a listing 
of X-ray emission lines of 160 A* 
and shorter wavelengths, incorporat- 
ing some 3400 first order lines and 
absorption edges, as well as the cal- 
culated two-theta values for 23 com- 
monly used analyzing crystals. The 
X-ray line designations and column 
headings have been rendered much 
more readable in this edition, thanks 
to the availability of a special print 
train which carries most of the Greek 
letters as well as large and small type, 
upper and lower case, prime charac- 
ters. As a result the table has the 
appearance of being printed from set 
type. 

Tabulations of absorption edges 
are’ usually quite separate from the 
emission line wavelength tables. This 
edition integrates the absorption edges 
in a manner that makes them quite 
easily retrieved. This wavelength table 


has been compiled with the use of high 
resolution spectrometers in mind. 

Most published 2 6 tables have 
used a constant set of relative L-series 
intensities for all elements. However, 
there are quite drastic changes with 
increasing atomic number, and they 
have been taken into account here. 
Relative intensities have been deter- 
mined for the M-series lines. No at- 
tempt has been made to assign N- 
series line intensities as these are sel- 
dom used analytical lines. 

Data in the second portion of this 
book, as the earlier edition, are or- 
dered on the basis of increasing wave- 
length. This arrangement makes 
possible the phasing in and out of 
crystals during just their useful range. 

The second compilation of data is 
X-Ray Emission Wavelengths and 
keV Tables for Nondiffractive Analy- 
sis, ASTM Data Series DS 46, Price 
$5. Recently developed, high-resolu- 
tion X-ray detectors such as lithium- 
drifted silicon and germainium have 
resulted in widespread application of 
nondiffractive (also called nondisper- 
sive) analysis as an alternative or 
complementary technique to X-ray 
emission spectrography (X-ray fluo- 
rescence analysis). This table has 
been prepared for use in nondiffrac- 


tive analyses. All the X-ray emission 
lines shorter than 50 A* have been 
tabulated in two basic arrangements. 
The first section of the table is a com- 
pilation of each line for each element 
arranged on the basis of increasing 
atomic number and increasing wave- 
length (decreasing energy) for the 
lines of each element. The second 
section of the table lists all the X- 
ray lines ordered on the basis of in- 
creasing wavelength regardless of ele- 
ment. 

All lines shorter than 50 A* that 
were used in the preparation of the 
second edition of X-Ray Emission and 
Absorption Wavelengths and Two- 
Theta Tables, ASTM DS 37A, by 
E. W. White and G. G. Johnson, Jr., 
have been included. Some of the very 
weak lines may not be observed in 
nondiffractive spectra, but most of the 
lines should be resolved in favorable 
cases. These compilations of data are 
available from the American Society 
for Testing and Materials, 1916 Race 
Street, Philadelphia, Pa. 19103. 


1 Available from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton, D.C. 20402, for the price indicated. 


2NSRDS News, Nat. Bur. Stand. (U.S.), Tech. News 
Bull. 54 (10) 240-242 (Oct. 1970). 


COMPENSATES Continued 


resistance with the unknown im- 
pedance. Each is connected to the 
other bridge components at its 
potential terminals. These two arms 
are connected to two paralleled 
gcuarded ratio transformers, the 
variable contacts of which are con- 
nected to the bridge detector, one 
via a resistor and the other via a 
capacitor, to form the other four 
arms of the bridge. Both transform- 
ers are adjusted to achieve bridge 
balance, the capacitor-connected 
one accomplishing the reactance 
balance. 

Mr. Ramboz’ innovation is the 
use of an injection transformer, the 
primary of which is connected to 
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the adjacent potential terminals of 
the unknown impedance and the 
reference resistor, shunting the 
connecting link. The secondary is 
inserted between the lower poten- 
tial terminal of the reference re- 
sistor and the lower terminals of the 
ratio transformers. 

The injection transformer is easi- 
ly made by winding sufficient turns 
of coaxial cable (9 turns were used 
in this case, but this may vary with 
the application) on a high-permea- 
bility toroidal core. Such com- 
ponents have been previously used 
and are commonly known as coaxial 
chokes, cable chokes, and baluns.2 
The inner conductor of the cable 
forms one winding and its shield 
the other. The dress of the turns on 
the core is not consequential; the 


turns ratio is always very nearly 1:1. 

The action of the transformer is 
to inject into the low sides of the 
ratio transformers the voltage drop 
across the unknown-standard link. 
This has the effect of eliminating 
both the real and imaginary com- 
ponents of the link resistance, 
where the usual variations of the 
Kelvin double bridge confpensate 
for either the real or the imaginary 
components, but not both. Link re- 
sistances up to several ohms can be 
compensated for, an important con- 
sideration where remote locations 
make long leads necessary. 


' Ramboz, John D., A link compensated ratio trans- 
former bridge, Rev. Sci. Instr. 42, 522-524 (April 1971). 


2? Homan, D.N., Applications of coaxial chokes to a-c 
bridge circuits, J. Res. Nat. Bur. Stand. (U.S.) 72C 
(Engineering and Instrumentation) No. 2, 161-165 
(Apr.-June 1968). 


In the fall of 1965 the Secretary of 
Commerce established the NBS 
Center for Computer Sciences and 
Technology to carry out the Secre- 
tary’s responsibilities under the 
Brooks Bill (Public Law 89-306, 
passed October 30, 1965). The 
Center provides leadership and 
coordination for government efforts 
in the development of voluntary 
commercial information processing 
standards, develops recommenda- 
tions for Federal information 
processing standards, performs 
required research and _ analysis, 
and provides scientific and techni- 
cal support and consultative 
assistance in the field of computers 
and information processing to 
Federal agencies. These Notes will 
cover information-processing stan- 
dards activities in the Federal 
Government, particularly those of 
the Center. 


ISO STANDARD PROPOSED FOR 
REPRESENTING THE SI UNITS IN 
INFORMATION INTERCHANGE 


One of the problems encountered 
by users of SI Units as a basis of 
measurement is that some of the 
standard symbols and _ notations 
prescribed are not available or can- 
not be represented on current 
models of data processing or com- 
munications terminal equipment. 
Much equipment, for example, is 
limited to a single case capability 
(either all captial letters or all lower 


case letters). Very little equipment 


has the capability to represent 
Greek letters used in the SI system 
of notation (Q is the symbol for ohm 
and w is the symbol for the prefix 
micro). Also most current equip- 
ment lacks the ° (degree sign). In 
addition, the SI system requires the 
use of exponents in the notational 
system. Exponents are not difficult 
to record for the writer or typog- 
rapher, but are a special problem 
for the computer programmer or 
telegrapher where the representa- 
tion must be a linear string of 
characters. 

In attempting to solve this 
problem, Technical Committee 97 
on Computers and_ Information 
Processing of the International Or- 
ganization for Standardization (ISO) 
has charged its Working Group K, 
Representations of Data Elements, 
with the responsibility for the 
development of a draft proposal on 
the subject. In June 1970 Working 
Group K developed a first draft 
proposal, which was circulated for 
comments. In March 1971] a second 
draft proposal was prepared and ap- 
proved by the working group. The 
proposal is now at the phase of bal- 
loting by the technical committee, 
and if approved, will be forwarded 
to ISO for further consideration. 
The text of the proposal is provided 
below. Comments are requested 
prior to final consideration by the 
American National Standards In- 
stitute, the United States member 


body to ISO. These should be for- 
warded to the American National 
Standards Institute, Attention: 
Secretariat ISO/TC97/WG K, 1430 
Broadway, New York, New York 
10018. 


DRAFT PROPOSAL ON SI 
REPRESENTATIONS 


lm GORE 
1.1 This ISO Recommendation 


provides representations for units 
to be used in data interchange, in 
place of their international symbols, 
by systems with limited graphic 
character sets as specified in clause 
Nees 

The representations apply to 
names of SI units, and other inter- 
nationally recognized* units, and 
their decimal multiples and submul- 
tiples formed by the use of prefixes 
(see clause 5). 

The representations of units as 
listed herein are intended for use 
only in systems with limited graphic 
character set capabilities. They are 
not intended to replace the interna- 
tional symbols, which are preferred 
and given in ISO Recommendations 
ISO/R 31 and ISO/R 1000. When 
these international symbols are not 
applicable the unabbreviated unit 
names should preferably be used. 

1.2 This ISO Recommendation 
specifies two sets of representa- 
tions: 

Form I: For systems which have 
the capability to use both upper and 
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lower case letters (double case), nu- 
meral digits, and other graphics, at 
least the graphical symbols apos- 
trophe (?), quotation mark (’), 
hyphen (-), full stop or period (.), and 
solidus (/) as provided for example 
in ISO/R 646** among other 
graphics; but which do not have the 
capability to use the Greek letters 
Q, and pw, and angle sign (°), and let- 
ters, numeral digits and signs in su- 
perscript position. 

Form II: For systems which have 
the capability to use single case let- 
ters only (either upper or lower), nu- 
meral digits, and other graphics, at 
least the graphical symbols hyphen 
(-), full stop or period (.), and solidus 
(/), as provided for example in 
ISO/R 646*** and CCITT Alphabet 
No. 2 among other graphics; but 
which do not have the capability to 
use the Greek letters 0 and p, angle 
sign (°), and letters, numeral digits, 
and signs in superscript position. 

The representations of Form II 
are intended primarily for data 
processing within machine systems 
and for communications between 
machine systems. They should 
never be printed out for publication 
or for other forms of public informa- 
tion transfer. In these cases the spe- 
cial representations of Form II must 
be replaced by the international 
symbols or by the full names of the 
units. 


2. RULES 


The following rules should be ob- 
served when forming representa- 
tions: 

RULE No. 1 

In narrative (free text) data, a 
space character should be used to 
separate the numeric value and the 
unit representation, for example, 10 
m, 2. m2 In formatted,data.vasiin 
records, the use of the space 
character as a separator is optional, 
since its use or nonuse is defined in 


the format description. 
RULE No. 2 
To indicate multiplication of 
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units, a full stop (.) between the 
representations of units (combined 
with prefix or not) is necessary, for 
example, N.m for newton metre. 
RULE No. 3 

To indicate division of units, the 
numerator and the denominator are 
separated by a solidus (/), alternate- 
ly the denominator may be ex- 
pressed with a negative exponent 
(see Rule No. 5), for example, m/s 
or m.s — 1] for metre per second. 
RULE No. 4 

Positive exponents are indicated 
by respective numerals without any 
further sign, directly behind the 
representation of the unit, for exam- 
ple, m2 for m?. 

RULE No. 5 

Negative exponents are indicated 
by a minus sign followed by the 
respective numeral, both together 
directly behind the representation 
of the unit, for example, m — 3 for 
lee: 

RULE No. 6 

A prefix representation is com- 
bined with a unit representation to 
form a new unit representation 
which can be raised to a power with 
positive or negative exponent and 
which can be combined with other 
unit representations to form 
representations of compound units. 
There is no separator nor space 
between the prefix representation 
and the unit representation, for ex- 
ample, cm2 for cm?, kN/m2 or kN.m 
— 2 for kN/m?. 

Notes: (1) A prefix is not allowed 
to stand alone, without combination 
with a unit, for example, T alone 
means tesla but not tera. Compound 
prefixes should not be used, for ex- 
ample, nm (nanometre) should be 
used instead of mmym_ (mil- 
limicrometre). 

(2) In the case of the basic SI unit 
kilogram, which contains a prefix in 
its name, the representations for 
decimal multiples and submultiples 
are formed by use of the cor- 
responding prefix representation 
together with the representation of 
the unit gram, for example, the 


3. Representations of Units 


REPRESENTATION 


NAME TIONAL 
FORM Il 
OF SYMBOL - : 
FORM I (single (single 
UNIT (common use doubl 
symbol porn Ignvers Mapuee) 
3.1 Base SI Units 
metre m m m M 
kilogram kg kg kg KG 
second s s Ss S 
ampere A A a A 
kelvin K K k K 
candela cd cd cd cD 
mole mol mol mol MOL 
3.2 Supplementary Units 
radian rad rad rad RAD 
steradian sr sr sr SR 


3.3 Derived SI Units With Special Names 


hertz Hz Hz hz HZ 
newton N N n N 
pascal Pa Pa pa PA 
joule J J j J 
watt W W Ww Ww 
coulomb C C c C 
volt V V Vv Vv 
ohm Q Ohm ohm OHM 
siemens S S sie SIE 
farad F F f F 
weber Wb Wb wb WB 
henry H H h H 
tesla T T t T 
lumen Im Im Im LM 
lux Ix Ix Ix LX 


3.4 Other Units From ISO/R 1000 
grade (angle) ...g gde gde GDE 
degree (angle) ...° deg deg DEG 
minute (angle) ...’ ...’ mnt MNT 
second (angle)... ...” sec SEC 
litre | | I L 
are a a are ARE 
hectare ha ha har HAR 
minute (time) min min min MIN 
hour h h hr HR 
day d d d D 
year a a ann ANN 
gram g g g G 
tonne t t tne TNE 
bar bar bar bar BAR 
poise IP P p FE 
stokes St St st ST 


electronvolt eV eV ev EV 


degree Celsius °C Cel cel CEL 
atomic mass 
unit u u u U 


representation for 10-® kilogram = 
10-3 gram is denoted by mg and not 
by mykg. 

The representations of units and 
prefixes are listed in clauses 3 and 
4. For comparison, the International 
Symbols (see Recommendations 
ISO/R 1000 and ISO/R 31) are given 
in the tables. 


5. ANNEX 


5.1 Definition of “SYSTEM” 


SYSTEM has been defined in 
ISO Recommendation ISO/R**** 
“Vocabulary of Data Processing, 
Section 01—Fundamental Terms” 
as follows: 

(DATA 
SYSTEM 

A collection of methods, 
procedures, or techniques united by 
regulated interaction to form an or- 
ganized whole. 


SYSTEM 
PROCESSING) 

A collection of men, machines, 
and methods organized to accom- 
plish a set of specific functions. 


5.2 Definition of ‘SI UNITS” 


According to ISO Recommenda- 
tion 1000***** “Rules for the Use 
of Units and a Selection of the 
Decimal Multiples and Submulti- 
ples of the SI Units.” 

3.2.1 The name Systeme In- 
ternational d’Unites (International 
System of Units), with the abbrevia- 
tion SI, was adopted by the 11th 
Conference Generale des Poids et 
Mesures in 1960. 


PROCESSING) 


(IN DATA 


The coherent units are 
designated “‘SI units.” 
522.2) el he International 


System of Units is based on the fol- 
lowing six base units: 


metre (m) 
kilogram (kg) 
second (s) 
ampere (A) 
kelvin (K) 
candela (cd) 


as units for the base quantities: 


4, Representations of Prefixes 


SR SS ge a A EE SSR SST SESS SS hE 


REPRESENTATION 


FACTOR BY WHICH INTERNAT. 
PREFIX THE UNIT IS SYMBOL 
( FORM | FORM II 
MULTIPLIED ea Area ne a ee 
Case) lower) upper) 

tera 10” 7; T ’ “ 
giga 10° G G : u 
ae i M M ma MA 
hecto 10? h F h 
its iC “ 7, da DA 

ecl Ss d D 
centi Ole c c z c 
milli 10-3 m = ia rf 
ieee e e . my my MY 
pico 10 3 f ‘ N 
femto 10m f f ' ¢ 
atto 10-78 a 5 ‘ 


For some of the derived SI units special names and symbols exist; those approved by 
the Conference Generale des Poids et Mesures are listed below: 


Name 


Expressed in terms 


Quantity of SI unlit Symbol of pee a stereed 
frequency hertz Hz |1Hz=Is* 
force newton N IN=Ikg-m/s? 
work, energy, 

quantity of heat joule J 1J=1N-m 
power watt W IW= 1J/s 
quantity of electricity coulomb 1C=IA-s 
electric potential, 

potential difference, 

electromotive force volt V 1V=IW/A 
electric capacitance farad F | F=1 A-s/V 
electric resistance ohm 2 1Q=I1V/A 
magnetic flux weber Wb | Wh=IV-s 
magnetic flux density, 

magnetic induction tesla T | T=! Wb/m? 
inductance henry H | H=IV-s/A 
luminous flux lumen Im { Im=I cd-sr 
illumination lux Ix 1 Ix=1 Im/m? 


length, mass, time, electric cur- 
rent, thermodynamic temperature, 
and luminous intensity. 

3.2.3 The SI units for plane 
angle and solid angle, the radian 
(rad) and the steradian (sr) respec- 
tively, are called supplementary 
units in the International System of 
Units. 

5.2.4 The expressions for the 
derived SI units are stated in terms 
of base units, for example, the SI 
unit for velocity is metre per second 
(m/s). 

It may sometimes be _ ad- 
vantageous to express derived units 
in terms of other derived units hav- 
ing special names, for example, the 


SI unit of electric dipole moment 
(A.s.m.) is usually expressed as 
Geny: 

3.2.5 Decimal multiples and 
submultiples of the SI units are 
formed by means of the prefixes, 
see clause 4. 


*International Conference on Weights and Mea- 
sures, see |SO/R 1000. 

**1SO/R 646-6 and 7 bit coded character sets for 
information processing interchange. 

***1SO/R 646-6 and 7 bit coded character sets for 
information processing interchange. 

****In preparation. At present, Draft ISO Recom- 
mendation No. 2382 [document ISO/TC 97 (Secr. 272) 
404]. 

*****Revised edition in preparation. At present, 
draft ISO proposal ISO/TC 12/SC 2 (Secretariat-31) 
62 (Rules for the use of SI units, their multiples and 
certain other units which were considered in preparing 
this second draft proposal). 
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TEMPERATURE DISTRIBUTION 
ON TRANSISTOR SURFACES 


Thermosensitive Phosphors 


Show Hotspot Hysteresis 


TEMPERATURE-SENSITIVE PHOS- 
PHORS have been used at the NBS 
Institute for Applied Technology 
in measuring the temperature dis- 
tribution on the surface of transistor 
chips. Frank F. Oettinger, Sherwin 
Rubin, George J. Rogers, and Leo 
R. Williams, of the Bureau’s elec- 
tron devices laboratory, found that 
hotspots appeared during operation 
of some transistors when the collec- 
tor-emitter voltage exceeded a criti- 
cal value and then remained until 
the voltage was reduced substan- 
tially below that value.' The in- 
creased localized temperature and 
current density accompanying the 
hotspot suggests that sustained 
operation in this mode will cause 
device damage or failure and that 
some transistors should be further 
restricted in allowable operating 
range to prevent the formation of 
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these hotspots and possible prema- 
ture second breakdown. 

Transistors, like electronic com- 
ponents in general, must be 
operated within prescribed limits in 
order to avoid thermal damage and 
to insure acceptable operation. For 
this reason NBS has pursued a con- 
tinuing project for evaluating and 
improving measurement techniques 
for determining thermal charac- 
teristics of semiconductor devices. 
The use of — thermographic 
phosphors for detection of hotspots 
and measuring temperature dis- 
tribution was one of the techniques 
investigated in this work. 

A transistor is prepared for ther- 
mographic study by removing its 
cap, dissolving any _ protective 
material, and coating the silicon 
chip with a layer of temperature- 
sensitive phosphor. These 


Frank Oettinger and Sherwin Rubin adjust - 
presentation of a transistor’s Ip-Vcr 
characteristic curve showing a jump in I, 
when V cx reaches a critical value. The 
thermal hysteresis effect is shown on an X-Y 
recorder while the hotspot on the phosphor- 
coated chip is viewed through the 
microscope. 


phosphors have the property of 
glowing visibly when irradiated with 
ultraviolet light. The brightness 
decreases as temperature _ in- 
creases, so that hotspots produced 
by transistor operation appear as 
dark spots in the phosphor coating. 
The temperature represented by 


the phosphor’s brightness is deter- 


mined by comparing the brightness 
of the visible light emitted by the 
phosphor on the transistor chip with 
the brightness of the identical sur- 
face when heated to a known tem- 
perature. The comparison is done 
microscopically using a fiber optic 
probe in the image plane of an 
optical microscope to couple the 
light from a 60-~m-diameter area on 
the surface of the phosphor to a 
photometer. 

Previously, scientists had found 
that many of the silicon power 
transistors develop discontinuities, 
associated with hotspot formation, 
in their electrical characteristics as 
the device collector-emitter voltage 
(Ver) is increased from zero volts. 
At a critical voltage a hotspot ap- 
pears coincidentally with an abrupt 
decrease in de current gain (hpz). 
The Bureau scientists found a cor- 
relation between these changes and 
the increase in thermal resistance 
which occurs on hotspot formation. 
They also discovered that plots of 
base current (Ig), which is inversely 
proportional to current gain when 
the collector current (Ic) is held con- 
stant, versus Vcr exhibited hystere- 
sis; that is, the plot for descending 
values of Vex takes a different path 
from the plot for ascending values. 
Examination of the hotspots by 
means of the  thermographic 
phosphors disclosed that the hot- 
spots, once formed, also remain 


Toase = 25°C 


Te = 100mA 


I, (MA) 
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Plot of transistor base current (Ig) against 


collector-emitter voltage (Vcr) exhibits 
hysteresis where a critical value of Vcr 
causes a jump in I, from “I* to “2”. Ix does 
not return to its original path until Vcr is 
substantially reduced, “‘3”’. 


until Veg is reduced, for example, 
20-40 volts below the formation volt- 
age. The transistor then operates 
normally until Vcg again reaches 
the critical level, at which a hotspot 


again forms and hr, _ again 
decreases. 
The thermal hysteresis 


phenomenon found is of concern to 
designers and users of transistors. 
It should be considered when safe 
operating conditions are specified 
in order to reduce the possibility 
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Plot of transistor I, versus Vex characteristic 
bears photomicrographs of the transistor 
chip showing the sudden appearance of a 
hotspot (black spot) when Vcr reaches 192 V. 
The hotspot remains until Vcx is reduced 


below 162 V. 


that a voltage transient superim- 
posed on _ steady-state operation 
levels will drive a transistor in the 
hotspot operating mode. 

The extent of the thermal 
hysteresis is indicated by typical 
data that show a hotspot formed at 
192 V (for a fixed collector current) 
and extinguished at about 162 V. All 
hotspot temperatures were found to 
exceed 200 °C and some of them to 


exceed 250 °C. 
Some of the transistors tested did 
not develop hotspots until 


avalanche or second breakdown oc- 
curred. Of those that did develop 
hotspots, some showed a gradual 
rather than abrupt decrease in cur- 


rent gain and did not develop mea- 
surable hysteresis. 

It is apparent that routine testing 
for hotspot formation and for ther- 
mal hysteresis, using the decrease 
in current gain as an indicator, can 
identify specimens that should not 
be used in full-range applications. 
This method is more convenient 
than measurement of thermal re- 
sistance which has also been used 
to detect the formation of hotspots. 
Further study is directed at identi- 
fying any relationship between the 
hysteretic effects and various 
modes of transistor failure. 


"Rubin, S., and Oettinger, F. F., Thermal hysteresis 
and its possible effect in restricting the hot-spot free 
operating range of some power transistors, IEEE Trans. 
Elect. Devices ED-18 (June 1971). 

Further information on research in semiconductor 
technology is contained in a series of quarterly 
reports edited by W. Murray Bullis and published as 
NBS Technical Notes entitled “Methods of Measure- 
ment for Semiconductor Materials, Process Control, 
and Devices.” They are available from the Superin- 
tendent of Documents, U.S. Government Printing 
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